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Abstract  Energy efficient buildings are buildings that 
consume less energy while also maintaining or improving 
the comfort conditions for their occupants, compared to the 
normal building type. Such buildings result not only in less 
negative impact on the environment, but are economically 
sustainable and resilient. This study investigated the extent 
to which building professional firms in Abuja, Nigeria are 
aware and implement the different energy efficiency 
design strategies available for deployment in office 
buildings, in order to ascertain the current level of 
knowledge and implementation of the strategies within the 
building industry in the study area. A structured 
questionnaire was used to gather data from 80 
professionals drawn from architectural and engineering 
firms involved in the design of office buildings in the study 
area. The data were analysed by descriptive statistics and 
the results indicate that both the awareness and 
implementation levels of energy efficiency design 
strategies by the firms are high. Whereas most (78%) of the 
respondents are aware of the various energy efficiency 
design strategies employed in office building designs, few 
(22%) of them have little or no knowledge of the strategies 
investigated. On the implementation level, majority (69%) 
of the participants recorded a high rate, while few (31%) 
recorded a low rate. The study also found that the strategies 
the firms are mostly aware of are site planning, natural 
ventilation and building orientation. Whereas, the three 
most adopted strategies among the strategies investigated 
are: building plan and space organisation; site planning and 
building orientation. Among the recommendations of the 
study is that relevant stakeholders of the building industry 
in the country, should provide platforms from time to time 
for promoting the benefits of energy efficiency design 
strategies in the country, in order to maintain the high level 
of understanding and deployment of the strategies by the 
building professionals that currently exist in the study area. 
This is envisaged to ultimately lead to curtailing the 
adverse effects of global warming on the environment in 
the long run. 
Keywords  Energy Efficiency Design, Office Buildings, 
Building Professional Firms, Abuja and Nigeria 
1. Introduction
Approximately 90% of our time is spent in buildings, 
either at home or in the office. Oftentimes, a high amount 
of energy is needed to run and maintain the buildings. [14] 
believe that buildings in the long run play a very vital role 
in global energy consumption and carbon dioxide 
emissions which result in adverse consequences of global 
warming. Ways of conserving energy in buildings have 
therefore become important considerations in the design 
and development of modern structures that are energy 
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efficient. Energy efficient buildings are now the way to go 
in the design and construction of office buildings in the 21st 
century. This has arisen from great concerns in the world 
about the effects of buildings on the environment and on 
users and their comfort levels within them [21]. According 
to the Energy Efficient Office Guidelines for Nigeria 2014, 
energy efficient buildings are buildings that consume less 
energy and at the same time maintaining and improving the 
comfortability of the users within the buildings [16]. Office 
buildings consume a lot of energy during construction and 
occupation and this has adverse consequences directly on 
building users and their comfort levels can be affected, 
while also affecting the immediate surroundings of the 
buildings. It is therefore important to develop modern day 
office buildings as energy efficient buildings. 
Due to the importance of conserving energy in present 
day office buildings, some studies were found to have been 
conducted towards promoting the development of energy 
efficient buildings, as well as developing better ways of 
conserving energy use in buildings. For instance, [41] 
advanced a new photonic crystals glazing (PCG) system 
that can be controlled dynamically to achieve a high 
reflection of NIR without having to affect visible light 
transmission in their study on “energy efficiency of smart 
windows made of photonic crystal”. Compared to existing 
glazing systems, the authors found that the PCG is the most 
energy efficient system to reduce cooling and heating loads. 
The system was also found to save more energy in cold 
climates with high heating loads. In a recent study on 
“factors impacting integrated design process (IDP) of net 
zero energy buildings” [25], it developed a framework 
useful for researchers for comparing IDP implementation 
between projects and for design teams for training on 
design management and IDP. Likewise, in another recent 
study on impact assessment of window to wall ratio (WWR) 
on the consumption of energy in office buildings in 
Bangladesh, a subtropical monsoon climate, [30] 
recommended an optimum range of WWR of 30% to 40% 
for air-conditioned office buildings in the study area. This 
was because existing office buildings were found to save 
up to 9.40% of electricity through the incorporation of the 
optimum percentage range of WWR. 
As a result of the importance and growing need of 
incorporating energy efficiency design strategies in 
buildings, some studies were also found to have 
contributed to the subject in Nigeria. [6] examined 
electricity use in mechanically cooled commercial office 
complex in five major cities in Nigeria using computer 
software packages. [28] highlighted the need for using 
energy efficiently in buildings in the country. According to 
the author, renewable energy use is completely absent in 
the Nigerian building industry. The author suggested that 
governments at all levels in Nigeria should embark on 
enlightenment campaigns on the importance of using 
energy efficient strategies within buildings. It is important 
to note that effective energy use ensures optimum air 
quality and thermal comfort for office users, improves 
productivity levels for workers in office buildings where 
people converge daily to get work done. A study by [19] 
identified the passive and active design strategies and 
features that were used in areas with extreme weather 
conditions of the North-eastern part of Nigeria in a research 
on a building. In a study in Abuja, [1] recommended a 
successful sustainable improvement of existing public 
office buildings where facilities should be given more 
attention from users’ perspective than the other design 
variables. 
The various highlighted studies above provided insight 
into some design strategies implemented in the design and 
construction of energy efficient buildings towards 
achieving energy efficiency within them. This goes to 
show that energy efficient buildings play a vital role in 
ensuring good working environments, health, comfort and 
productivity of users. However, [17] noted that there is still 
not enough research on the subject matter, especially in 
countries in Sub-Saharan Africa, and thus argued that more 
work needs to be done on the subject of energy efficiency, 
the implementation of energy efficiency design strategies 
in buildings and their effects on users’ comfort in buildings. 
[20], also observed that in Nigeria, there is a lack of 
awareness among building professionals of the various 
energy efficiency design strategies that are applicable to 
office buildings. Where professionals lack adequate 
knowledge of the various existing energy efficiency design 
strategies available for use in buildings, it will be difficult 
to have the built-environment developed to achieve 
optimal energy conservation when in use. 
In Nigeria, previous and present administrations of 
government have formulated guidelines for the energy 
sector towards encouraging the reliance on natural energy 
sources such as renewable energy strategies in building 
design and development. The strategies that were proposed 
consist of developing building codes that have energy 
efficiency as their cardinal goals. The codes took into 
consideration the use of bioclimatic design concepts and 
principles and the incorporation of other energy efficiency 
saving measures that would make office buildings more 
energy efficient, thereby ensuring user’s comfort within 
them.  
Due to the growing importance of finding ways to 
conserve energy in the development of buildings, some 
studies were found to have examined energy efficiency 
strategies in buildings as mentioned earlier [6]; [28]; [19]; 
[20]. Previous literatures indicate that 29 energy efficiency 
design strategies have been implemented in various 
building types. The said strategies when employed in office 
buildings, usually contribute to enhancing users comfort 
and help to reduce the adverse effects of the buildings on 
the environment. However, no research was found to have 
investigated the extent to which building professional firms 
in practice are aware of all the various energy efficiency 
design strategies available for deployment in office 
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building designs, especially in a developing country like 
Nigeria. This is necessary to understand whether those 
saddled with the responsibility of designing energy 
efficient buildings are adequately aware of the various 
design strategies now available for developing energy 
efficient buildings. It was in an attempt to bridge this gap 
identified in literature that this study investigated the extent 
to which building professional firms in Abuja, Nigeria are 
aware and implement the different energy efficiency 
design strategies available for deployment in office 
building, in order to ascertain the current level of 
knowledge and implementation of the strategies within the 
building industry in the study area. To achieve this aim, 
two key objectives were developed for the study. The first 
is to investigate the awareness level of building 
professional firms in the study area of the various energy 
efficiency design strategies available for deployment in 
buildings. While the second is to examine the extent to 
which the said firms have deployed the different energy 
efficiency design strategies in office building designs. 
Abuja was chosen as the study area because being the 
capital of Nigeria, it has a large concentration of building 
professional firms. Abuja is situated in the north central 
geopolitical zone of the country. The scope of the study 
inquiry is restricted to architectural and engineering firms 
that engage in building developments, as they are the ones 
involved in designing different aspects of office building, 
towards conserving energy. Due to the large volume of 
building firms in Abuja, the scope of the study inquiry was 
further limited to firms that have handled office buildings 
situated within the central business district as this area was 
found to have the highest concentration of office buildings 
in the study area. The study investigation was further 
limited to twenty-nine energy efficiency design strategies 
identified in literature. The study findings are valuable 
resource materials that contribute to the ongoing discourse 
on how to develop sustainable buildings that are energy 
efficient. Subsequent parts of this paper include: literature 
review, methodology, results and discussion, conclusion, 
acknowledgments and references. 
2. Literature Review 
2.1. Concept of Energy Efficiency 
In their study, [3] noted that the primary purpose of 
erecting a building structure is to provide a habitation or 
dwelling for man with the aim of protecting him from the 
vagaries of the environment. It is important to also note that 
shelter must afford its occupants comfort and well-being. 
The authors explained that there has recently been 
awareness on the part of building professionals about 
climate change and increase in the understanding of 
environmental awareness issues relating to energy use in 
buildings and their ability in ensuring that energy is used 
efficiently within them. This has led to building 
professionals thinking outside the box towards finding 
better and creative ways of addressing the issue of 
greenhouse gas emissions from buildings into the 
environment. 
In trying to provide an understanding of the meaning of 
energy use and efficiency in a building, [7] argued that it is 
the amount of energy used in heating, ventilation and 
lighting measured in the unit of measurement that 
conforms with laid down standards for such buildings at 
every point in time. [37] advanced that energy efficiency 
improvements are thought to have the potential to support 
economic growth and social development, while 
improving occupant health and well-being, as well as 
enhancing competitiveness and investment opportunities. 
[24] shed more light on this. The authors noted that with 
the rate at which the climate around the world is changing, 
the need has arisen where countries are beginning to 
change their perceptions about energy use and the way 
fossil based energy is beginning to harm the environment. 
According to the authors, buildings worldwide are the 
major culprits that account for one-third of the greenhouse 
gases that are released into the environment. [23] explained 
that the global community in trying to proffer solutions 
towards arresting the effects of global climate change have 
started insisting on efforts at standardising solutions that 
make it mandatory for buildings to be more energy 
efficient. It was stated that buildings contribute one-third of 
global CO2 emissions. 
The United State (US) Department Office for Energy 
Efficiency and Renewable Energy (2008) defined an 
energy efficient building as one that reduces the huge 
maintenance and utility costs, while also improving the 
buildings durability. Such buildings are also able to reduce 
noise levels from the immediate surroundings, while at the 
same time increasing its comfort level and creating a 
healthy and safer indoor environment. The main objective 
and goal of an energy efficient building is to limit further 
damages within the ecosystem and to reduce the use of 
natural resources like energy, land, water and other 
depletable materials within the building’s immediate 
surroundings. The department further noted that reducing 
energy efficiency in buildings should be the key cardinal 
point of any country, since this will help in reducing little 
or no greenhouse gas emissions, the primary cause of 
global warming. Energy efficiency strategies can be 
integrated within buildings at project inception or while 
renovating older and existing buildings. 
In order to ensure that buildings become more energy 
efficient, Architects and other construction professionals 
have a wide range of materials available in the market they 
can use in making energy efficiency in buildings a reality. 
[11] observed that energy efficient design strategies in 
office buildings have become paramount for several 
reasons which include the enforcement of building codes 
and company policies that insist on protecting the 
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environment. Other reasons are regulations formulated by 
local planning authorities, resources management, utility 
and its associated incentives, reduction in electricity and 
energy usage, and office buildings comfort and satisfaction. 
According to [13], from the foregoing, it is evident that 
there is a consensus among authors that energy efficiency 
simply means using less energy or minimal amount of 
energy to achieve optimal result. As a result, an energy 
efficient building places importance on users’ comfort 
which also conforms to Universal Design principles. [34] 
have defined Universal Design as a design concept whose 
main aim is to cater for every person regardless of their 
abilities at little or no extra cost. The authors further 
believe that Universal Design contributes to environmental 
sustainability which is also one of the major components of 
energy efficiency in buildings. 
2.2. The Concept of Knowledge 
[8] observed that humans have an insatiable quest for 
knowledge and they can go to any length to acquire and 
satisfy this innate search for knowledge. The authors 
further defined knowledge as that of justified true belief. 
To buttress their position of the definition of knowledge, 
the authors highlighted that it comprises of three basic 
attributes that are usually called the tripartite account of 
knowledge. First and foremost is a situation where the 
knowledge has a truth contained within it. Secondly, for 
more understanding of knowledge, there must be a belief 
condition. This means that a person acquiring a true 
knowledge must believe it to be true. And lastly, to prove 
that knowledge is true, it has to be justified. The 
researchers further argued that knowledge comprises of 
three basic types: knowledge acquired from experience, 
knowledge acquired through skills and knowledge 
acquired through claims. 
In addition, [8] observed that experiential knowledge is 
obtained from man’s direct interactions with his immediate 
environment through his sensory systems. This is then 
processed by man’s mental capacity through observations. 
Experiential knowledge is said to be personal and only 
received by directly interfacing with our sensory systems. 
It is mostly based on perception and reflection. On the 
other hand, skills knowledge they said is the knowledge 
about getting things and activities done. Therefore, skills 
knowledge should also be based on personal experience 
which is higher than experiential knowledge. This type of 
knowledge is obtained from performing a series of tasks 
and learning from them by doing them repeatedly. The last 
knowledge type is the “know how claim” which is about 
what is believed to be true. 
In relation to this study, knowledge as observed by the 
authors, is the building industry professionals’ knowledge 
of the various energy efficiency design strategies that are 
available in building design and construction. It is assumed 
that having the knowledge and understanding of the 
availability and applicability of the different types of 
energy efficiency design strategies by building 
professionals, is essential for the development of office 
building designs that are apt for enhancing users comfort 
via the conservation of energy within them. 
2.3. Energy Efficiency Design Strategies and 
Long-Term Trends in the field of Energy Efficient 
Buildings 
[40] observed that it is not possible to recommend a one 
fits all method for ensuring maximum usage of energy 
within a building. This is as a result of the fact that 
buildings are not designed to perform the same functions 
and as such, solutions of energy usage and consumption 
must also vary. In arriving at a best fit measure, care should 
be taken to note that there are different life cycles in a 
building and as such, different energy efficiency solutions 
should be devised accordingly. The authors also observed 
that buildings have different life cycles with the first being 
the pre-building phase. At the pre-building phase, the 
energy efficiency strategies available are: appropriate site 
selection, better site planning, robust building forms, 
adequate space planning, effective building envelope 
selection and the selection of materials of construction that 
consume less energy. As a result, [33] are of the opinion 
that retrofitting is one of the most suitable and promising 
building envelope solutions to reduce the energy 
consumption in buildings and a very helpful tool to create 
and maintain thermal comfort in buildings. Others include: 
appropriate landscaping design that encourages energy 
efficiency and adequate building materials for construction. 
It is also important to consider that the manufacturing of 
construction materials is environmentally friendly, while 
transporting them to construction sites. 
The second building life cycle is referred to as the 
building phase where the building is constructed and ready 
for usage. [40] identified methods for energy efficiency in 
buildings at this phase to include techniques that rely less 
on energy usage, such as using equipment that consume 
less energy during the construction process. This also has 
to do with the specification document usually provided by 
the architect during construction of a building. The third is 
the post-building phase, which is the stage where the 
constructed building needs to be demolished after fulfilling 
the purpose for which it was constructed. The materials of 
construction will need to be recycled and eventually, the 
building, destroyed. Also at this phase, specifications of the 
methods of demolition are very important, since this has to 
be effectively coordinated by the Architect and Engineers 
to ensure effective demolition of the building. The authors 
made a strong case that at this phase, it is important to note 
that building materials need to be recycled. Recyclable 
building components should be separated to enhance raw 
materials protection for building materials to be 
reproduced. Fewer machines and equipment need to be 
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In a study conducted in Belgium on the impact of control 
rules on the efficiency of shading devices and free cooling 
for office buildings, [38] observed that the designers’ task 
must include control systems design in order to build high 
comfort low energy buildings. Further to this, [31] in their 
study in the United Kingdom on the effects of open 
windows on thermal comfort and energy use in buildings 
observed that understanding occupant behaviours within 
office buildings was very important in the prediction of 
operational energy use in buildings. Another study of 
importance in understanding energy efficiency in office 
buildings was that conducted by [22] also in the United 
Kingdom on cool roof technologies in London where it was 
observed that applying cool roof technology was beneficial 
in terms of increased thermal comfort in the summer and 
decreases overall energy use for heating and cooling within 
office buildings. [39] further conducted a study in 
Singapore on the thermal benefits of city parks within the 
surroundings of office buildings and observed that more 
concern should be paid on reservation of green areas in 
cities rather than simply replacing them with buildings. [18] 
carried out a study on the energy efficiency situation in 
Ghana and reported that near success in energy efficiency 
in office buildings had been achieved in Ghana by the use 
of energy efficient lighting initiatives that had been 
initiated in the Ghanaian construction industry. 
[9] in a study conducted in America on operable 
windows, control and occupant comfort in office buildings 
revealed that it is critical that office buildings be designed 
so that occupants can be active participants in the indoor 
climate feedback loop. [35] in a study on passive building 
energy savings conducted in America observed that 
passive energy efficiency strategies are highly sensitive to 
meteorological factors and, therefore, require a broader 
understanding of the climatic factors by a designer. [32] 
also conducted a study in Turkey on improving energy 
efficiency through the design of the building envelope also 
observed that design of building envelope can significantly 
help achieve the heating and cooling objectives and 
improve energy efficiencies in office buildings. It has also 
been observed that hybrid shading systems have exhibited 
noticeable progress over the current decade. 
[10] in a study conducted in Singapore on achieving 
better energy-efficient air conditioning on a review of 
technologies and strategies further observed that 
implementation of new technologies and strategies will 
reduce the energy cost associated with operating air 
conditioning and the negative environmental impact on 
office buildings. [15] also conducted a study in America on 
health and productivity gains from better indoor 
environments and their relationship with building energy 
efficiency. The author concluded that theoretical and 
limited empirical evidence indicates that existing 
technologies and procedures can improve indoor 
environments and improve workers’ performance in office 
buildings thereby enhancing users comfort. 
3. Research Methods 
The data used in this article were drawn from a bigger 
unpublished research project aimed at investigating the 
implementation of energy efficiency design strategies and 
integration of energy efficiency design features in office 
buildings. The research is therefore a pivot study to 
examine some key issues at close range. As the study was 
out to investigate the extent to which building professional 
firms are aware and implement the various energy 
efficiency design strategies available, the study adopted a 
quantitative research approach to conduct the research. 
This method was considered apt to carry out the research 
due to the large number of respondents involved. As earlier 
explained in the last paragraph of the introduction, the 
firms used for the study are those involved in both 
architecture and engineering design of office buildings 
situated within the central business district in Abuja, 
Nigeria. The engineering services focused on are structural, 
mechanical, electrical and civil. Based on the selection 
criteria set, sixteen firms were found to satisfy the 
requirements. The sixteen firms constituted the sample size 
of firms. The firms are those that carry out architecture and 
the four engineering services previously itemised. Each of 
the sixteen firms provided five respondents of the senior 
cadre to answer the survey questions. Those that 
participated in each firm are: an architect, a structural 
engineer, a mechanical engineer, an electrical engineer and 
a civil engineer. Consequently, the sample size of building 
professionals used for the study is 80. 
A structured questionnaire (survey instrument) 
specifically designed for the study was used to gather 
primary field data from the participants. The survey 
instrument was designed with three sections. The first 
section was used to gather the respondents’ bio-data. The 
second was employed to collect data on the awareness level 
of the firms on energy efficiency design strategies available 
for use in office buildings. The participants were asked to 
indicate their level of knowledge of the energy efficiency 
design strategies presented to them which was identified in 
previous literatures. A 5-point Likert type scale ranging 
from 1–5 was used to measure their awareness level, with 1 
representing No Knowledge, 2-Little Knowledge, 
3-Moderate Knowledge, 4-High Knowledge and 5-Very 
High Knowledge. The third section was used to gather data 
on the extent to which the firms have implemented the 
energy efficiency design strategies in office building 
designs. A 5-point Likert type scale similar to the one 
employed in the second section was also used. The survey 
was administered between February and June 2020. In total, 
80 copies of the questionnaire were administered and all 
were retrieved and useful. The Statistical Package for 
Social Sciences (SPSS) software was used to analyse the 
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data obtained from the survey. Due to the nature of the 
research questions, the principal type of analysis the data 
were subjected to was descriptive statistics which involved 
the calculation of percentages and frequency distribution. 
The results were presented with the aid of tables and charts 
for easy understanding. 
4. Results and Discussion 
4.1. Profiles of Respondents 
A total of 80 hardcopies of the questionnaires were 
administered to building professionals of selected firms 
that constitute the sample size as earlier explained in the 
research methods section. All the survey instruments were 
retrieved to represent 100% retrieval rate. All the retrieved 
survey instruments were found useful and analysed. Table 
1 shows relevant personal profiles of the participants. 
The data in Table 1 indicate that majority (86.20%) of 
the participants are males, while few (13.80%) are females. 
Most (66.30%) of the professionals are between 36 and 55 
years of age and majority (63.90%) of them had 
professional experience spanning between 6 to 20 years. 
Just few (22.80%), had more than 20 years of professional 
experience. Majority (80.00%) of the respondents are 
working in Engineering firms, few (20.00%) engaged in 
Architectural firms and another few (20.00%) playing the 
role of Civil, Mechanical, Electrical and Structural 
Engineers and Architects in their respective organisations. 
These results indicate that the professionals who 
participated in the study are mainly middle-aged male 
Engineers and Architects with professional experience of 
over 5 years. Such category of experts is considered 
qualified enough to provide valid data for the study. 
Table 1.  Profiles of the Building Professionals 




Male 69 86.20 
Female 11 13.80 
2 Age Grouping in Years 
25 11 13.80 
26-35 14 17.50 
36-45 33 41.30 
46-55 20 25.00 
55-65 1 1.20 
More than 65 years 1 1.20 
3 Highest Educational Qualification 
Diploma 7 8.70 
Bachelor degree 21 26.30 
Master degree 52 65.00 
4 Role in the Firm  
Architect 16 20.00 
Civil Engineer 16 20.00 
Mechanical Engineer 16 20.00 
Electrical Engineer 16 20.00 
Structural Engineer 16 20.00 
5 Years of Professional Working Experience  
1-5 11 13.80 
6-10 27 33.80 
11-15 19 23.80 
15-20 5 6.30 
21-25 9 11.30 
More than 25 years 9 11.50 
6 Type of Firm Employed in  
Architectural Firm 16 20.00 
Civil Engineering Firm 16 20.00 
Mechanical Engineering 
Firm 16 20.00 
Electrical Engineering Firm 16 20.00 
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4.2. Awareness Level of the Firms on Energy Efficiency 
Design Strategies Employed in Office Buildings 
This section is a presentation of the results on the level of 
awareness of the participating firms on known energy 
efficiency design strategies employed in office buildings. 
29 Energy efficiency design strategies identified in 
Literature were used for this purpose. Table 2 shows the 
results of the descriptive statistics carried out. 






Awareness Level  
(N = 80) 












1 Site Planning 2(2.50) 5(6.30) 19(23.80) 36(45.00) 18(22.50) 3.78 .950 1st 
 2 Natural Ventilation 3(3.80) 4(5.00) 25(31.30) 23(28.80) 25(31.30) 3.78 1.06 
3 Building Orientation 1(1.30) 3(3.80) 30(37.50) 25(31.30) 21(26.30) 3.77 .927 3rd  
 4 Space Organisation 0(0.00) 4(5.00) 31(38.80) 24(30.00) 21(26.30) 3.77 .899 
5 Day lighting  0(0.00) 3(3.80) 32(40.00) 31(38.80) 14(17.50) 3.70 .801 5th  
6 Window Shape and Position 1(1.30) 8(10.00) 28(35.00) 28(35.00) 15(18.80) 3.60 .949 6
th 
7 Building Form 0(0.00) 13(16.30) 23(28.80) 31(38.80) 13(16.30) 3.55 .953 
7th 
8 Site Selection 1(1.30) 4(5.00) 34(42.50) 32(40.00) 9(11.30) 3.55 .809 
9 Building Materials 1(1.30) 4(5.00) 32(40.00) 37(46.30) 6(7.50) 3.53 .762 9
th 
10 Building Shape 0(0.00) 6(7.50) 42(52.50) 16(20.00) 16(20.00) 3.52 .899 10th 
11 Integrated Design Process 5(6.30) 6(7.50) 24(30.00) 40(50.00) 5(6.30) 3.42 .951 11
h 
12 Building Envelope 5(6.30) 13(16.30) 21(26.30) 31(38.80) 10(12.50) 3.35 1.09 12th 
13 Landscape Design 0(0.00) 19(23.80) 24(30.00) 27(33.80) 10(12.50) 3.35 .982 
14 Exterior Shading Design 6(7.50) 7(8.80) 30(37.50) 28(35.00) 9(11.30) 3.33 1.04 14
th 
15 Renewable Energy Sources 2(2.50) 10(12.50) 40(50.00) 18(22.50) 10(12.50) 3.30 .933 15
th 











2(2.50) 16(20.00) 41(51.30) 12(15.00) 9(11.30) 3.12 .946 
18th 
19 Biophilic Design 2(2.50) 28(35.00) 14(17.50) 30(37.50) 6(7.50) 3.12 1.05 
20 Night Ventilation 2(2.50) 30(37.50) 18(22.50) 23(28.80) 7(8.80) 3.03 1.06 20th 
21 Green Roofs 7(8.80) 16(20.00) 29(36.30) 23(28.80) 5(6.30) 3.03 1.04 
22 Future Retrofit Design 5(6.30) 17(21.30) 33(41.30) 21(26.30) 4(5.00) 3.02 .967 22
nd  
23 Solar Hot Water  1(1.30) 24(30.00) 34(42.50) 15(18.80) 6(7.50) 3.01 .920 23rd 
24 Wall to Wall Ratio 3(3.80) 24(30.00) 24(30.00) 27(33.80) 2(2.50) 3.01 .947 










 2.93 1.11 25
th 
26 Service Core Placement 
9(11.3
0) 27(33.80) 19(23.80) 23(28.80) 2(2.50) 2.77 1.06 26
th 
27 Occupancy Sensors 
8(10.0
0) 22(27.50) 35(43.80) 8(10.30) 2(2.50) 2.73 .937 27
th 
28 Bioclimatic Design 4(5.00) 36(45.00) 27(33.80) 10(12.50) 8(3.80) 2.65 .901 28
th 
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The results in Table 2 show that 65.50% of the 
professionals have more than moderate level of knowledge 
of site planning and natural ventilation design strategies, 
60.10% (building orientation), 57.60% (space organisation) 
and 56.30% (day lighting design strategies). The result 
further shows that in terms of ranking, the professionals are 
most knowledgeable on site planning and natural 
ventilation design strategies with each criterion having a 
mean score of 3.78. These are closely followed by building 
orientation and space organisation with each having a mean 
score of 3.77. This is followed by day lighting design 
strategies whose mean score is 3.70.  
The participants were however found to have a low level 
of knowledge of specification of bright coloured roofs, 
service core placement, occupancy sensors, bioclimatic 
designs and eco feedback mechanism. This informed their 
low mean values of 2.93, 2.77, 2.73, 2.65 and 2.63, 
respectively, as earlier indicated in Table 2. In general, the 
result indicates that the firms that constitute the sample size 
of this study are more knowledgeable on site planning and 
natural ventilation design, building orientation, space 
organisation and day lighting design than any other energy 
efficiency design strategy available for deployment in 
office buildings. The general implication of the findings of 
the study is that the building design firms practicing in 
Abuja, Nigeria are not only knowledgeable enough to 
design office buildings that are energy efficient to a 
reasonable extent, but are indeed implementing the 
strategies in the design and development of energy efficient 
office buildings, to a reasonable extent. This is considered 
apt towards promoting energy efficient office building 
development in the study area. 
The result in Table 2 is further summarised for clarity 
and better understanding in the following Figure 1. 
Generally, majority (34.46%) of the participants have 
moderate knowledge of the various energy efficiency 
design strategies used in office buildings. Some (31.41%) 
have high knowledge and few (11.67%) have very high 
knowledge as shown in Figure 1. However, a significant 
number (22.49%) of the respondents have no knowledge at 
all. These findings indicate that while few of the firms that 
participated in the survey might have difficulties in the 
adequate deployment of appropriate energy efficiency 
design strategies in office buildings, majority of the firms 
are knowledgeable enough towards producing office 
building designs that are energy efficient. This is because 
most of the firms are aware about the existence of the 
various energy efficiency design strategies that was 
investigated. 
 
Figure 1.  Summary of the Awareness Level of the Firms on Energy 
Efficiency Design Strategies Employed in Office Buildings 
4.3. Implementation Level of the Firms of Energy 
Efficiency Design Strategies in Office Buildings 
This section presents the results on the extent to which 
professionals in the architectural and engineering firms 
investigated, have implemented the various energy 
efficiency design strategies in office buildings they have 
designed. The result of the descriptive analysis conducted 
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Implementation Level  
(N = 80) 




















2(2.50)  4(5.00) 16(20.00) 19(23.80) 39(48.80) 4.11 1.05 1st 
2 Site Planning 2(2.50) 11(13.80) 11(13.80) 21(26.30) 35(43.80) 3.95 1.16 2nd 






2(2.50) 11(13.80) 17(21.30) 19(23.80) 31(38.80) 3.82 1.16 4th 
5 Building Shape 2(2.50) 8(10.00) 19(23.80) 40(50.00) 11(13.80) 3.62 0.93 5th 
6 Building Form 3(3.80) 7(8.80) 16(20.00) 46(57.50) 8(10.00) 3.61 0.92 6th 
7 Day Lighting 3(3.80) 12(15.00) 15(18.80) 35(43.80) 15(18.80) 3.58 1.07 7th 
8 Building Envelope 4(5.00) 10(12.50) 16(20.00) 42(52.50) 8(10.00) 3.50 1.00 8
th 






5(6.30) (16.30)  16(20.00) 39(48.80) 7(8.80) 3.37 1.05 10th 
11 Exterior Shading Design 5(6.30) 8(10.00) 24(30.00) 39(48.80) 4(5.00) 3.36 0.95 
11th 12 Building Materials 3(3.80)  9(11.30) 0(0.00) 28(35.00) 8(10.00)  3.36 0.94 
13 Window Shape and Position 10(12.50) 8(10.00)  12(15.00) 43(53.80) 7(8.80)  3.36 1.17 
14 
 
Design for Future 
Retrofits 5(6.30) (18.80) 15(18.80) 38(47.50) 7(8.80)  3.33  1.07 14
th 
15 Site Selection 11(14.80) 11(13.80) 7(9.90) 39(49.40) 9(12.30) 3.30 1.28 15th 






4(5.00) 11(13.80) 41(51.30) 16(20.00) 8(10.00) 3.16 0.96 17th 






 9(11.30) 8(10.00) 39(48.80) 17(21.30) 7(8.80) 3.06  1.05 19th 
20 Bright Coloured Roofs 7(8.80) 19(23.80) 37(46.30) 13(16.30) 4(5.00) 2.85 0.96 20
th 





7(8.80) 38(47.50) 14(17.50) 13(16.30) 8(10.0)0 2.71 1.14 22nd 
23 Effective Wall to Wall Ratio 4(5.00) 42(52.50) 15(18.80) 12(15.00) 7(8.80) 2.70 1.07 23
rd 
24 Night Ventilation 3(3.80) 45(56.30) 15(18.80) 10(12.50)  7(8.80) 2.66  1.04 24th 
25 Carbon dioxide Sensors 5(6.30) 41(51.30) 20(25.00) 8(10.00) 6(7.50) 2.61  1.01 25
th 
26 Bioclimatic Design 5(6.30) 45(56.30) 14(17.50) 12(15.00) 4(5.00) 2.56  0.99 26
th 
27 Solar Hot Water 39(48.80) 9(11.30) 15(18.80) 11(13.80) 6(7.50) 2.20  1.37 27th 
28 Eco- Feedback Systems 36(45.00) 11(13.80) 18(22.50) 13(16.30) 2(2.50) 2.17  1.24 28
th 
29 Green Roofs 40(50.00) 14(17.50) 16(20.00) 7(8.80) 3(3.80) 1.98  1.18 29th 
n=frequency, %=percentage 
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Table 3 shows that in terms of ranking, the professionals 
mostly implemented building plan and space organisation 
and site planning design strategies which have mean scores 
of 4.11 and 3.95 respectively. This is followed by building 
orientation with mean score of 3.92, natural ventilation 
design (3.82) and building shape design (3.62). The result 
also shows that most of the professionals have more than 
moderately implemented building plan and space 
organisation, site planning, building orientation and natural 
ventilation design strategies considering their scores of 
72.60%, 70.10%, 71.30% and 62.60% respectively. 
However, the firms’ implementation of carbon dioxide 
sensors, bioclimatic design, solar hot water, eco-feedback 
mechanisms and green roofs were found to be low, with 
mean scores of 2.61, 2.56, 2.20, 2.17 and 1.98 respectively. 
The results further indicate that the firms that constitute the 
sample size have mostly implemented building plan and 
space organisation, site planning and building orientation, 
natural ventilation design strategies, building shape and 
building form than any other energy efficiency design 
strategies in office buildings designed by them. This 
implies that the firms are implementing energy efficiency 
design strategies in the development of office buildings to a 
reasonable extent in the study area. 
Figure 2 provides a summary of the result on the extent 
to which the building professional firms implemented 
energy efficiency design strategies in office buildings they 
have designed. 
The descriptive analysis in Figure 2 shows that most 
(31.60%) of the firms have moderately implemented 
energy efficiency design strategies. Some (20.88%) have 
highly implemented them, whereas, few (16.54%) have 
very highly implemented them. However, a significant 
percentage (30.96%) has never implemented any energy 
efficiency design strategy in any office building design. 
The result also indicates that most of the firms that 
participated in the research have implemented the different 
energy efficiency design strategies investigated in this 
study. This implies that majority of the firms are promoting 
the development of energy efficient office buildings 
through their designs in the study area. 
4.4. Discussion 
Generally, Nigeria is faced with some challenges with 
regards to realising improvements in energy efficiency in 
buildings. According to the 2016 Building Energy 
Efficiency Guideline of Nigeria, some of the major barriers 
towards realising improvements in energy efficiency in 
buildings are first and foremost, lack of awareness and 
information on the benefits of energy efficiency measures 
in buildings. The second is inadequate policy, legal and 
regulatory frameworks. The third is lack of technical 
expertise. And the last is lack of showcased energy 
efficiency buildings to learn and draw inspiration from. It is 
as a result of lack of showcased energy efficient buildings 
that this study was conceived to fill the gap, towards 
promoting the importance of energy efficiency in office 
buildings in the study area. Though findings from [4] 
indicated that the knowledge of energy efficiency design 
strategies among construction professionals in Nigeria is 
low. This aligns with similar studies in China [12]; 
Malaysia [5]; and New York, Sydney and Tokyo [36]. 
However, this finding contradicts the results from this 
study. The result indicated that the knowledge of energy 
efficiency design strategies is good among relevant 
building professional firms in the Nigerian design and 
construction industry. 
 
Figure 2.  Summary of the Implementation Level of the Firms on Energy Efficiency Design Strategies in Office Buildings 
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5. Conclusions 
The study investigated the awareness and 
implementation levels of building professional firms of 
energy efficiency design strategies available for 
deployment in office buildings in Abuja, Nigeria. This was 
done in order to ascertain the current level of knowledge 
and implementation of the strategies within the building 
industry in the study area. The study investigation was 
based on 29 strategies found in previous literatures. The 
study found that both the awareness and implementation 
levels of the strategies among 80 participants drawn from 
16 firms that constituted the sample size of the study are 
high and reasonable. While the majority (78%) of the 
respondents are knowledgeably informed of the various 
energy efficiency design strategies available for 
deployment in office building designs, few (22%) of them 
having little or no knowledge of the strategies investigated. 
The result on implementation level indicated also that most 
(69%) of the participants recorded a high rate, whereas, 
few (31%) recorded a low rate. The study also uncovered 
the strategies the firms are mostly aware of as: site 
planning, natural ventilation and building orientation. 
Whereas, the strategies they mostly implement are: 
building plan and space organisation, site planning and 
building orientation. The general implication of the 
findings is that majority of the building professional firms 
situated in Abuja, Nigeria, have what it takes in terms of 
adequate knowledge, towards the deployment of energy 
efficiency design strategies in the development of office 
buildings. 
The study contributed to knowledge by providing 
information on the knowledge base and implementation 
level of building professional firms in Abuja, Nigeria on 
energy efficiency design strategies available for 
deployment in office buildings. It also uncovered the 
strategies the firms are mostly aware of, as well as the most 
commonly implemented of the strategies in the study area. 
Based on the findings, it is recommended that in order to 
maintain the high level of understanding and deployment 
of the different energy efficiency design strategies among 
the building professionals in the study area, relevant 
stakeholders in the building industry in the country, should 
provide platforms from time to time for promoting the 
benefits of energy efficiency design strategies in the 
country. This calls for awareness programmes on energy 
efficiency design strategies practices by professional 
associations in the Nigerian building industry such as, the 
Nigerian Institute of Architects (NIA) and the Nigerian 
Society of Engineers (NSE). 
The authors recognise that the scope of the study that is 
limited to building professional firms opinion in Abuja, 
Nigeria constitute a limitation for the study. To this end, 
similar studies can be conducted using a wider scope that 
will include more states or cover different geographical 
areas in the country. Such studies can also be extended to 
other parts of the globe. Also, the result of the study was 
based on the opinion of building professionals and not on 
what obtains in existing office building developments. To 
this end, further studies can be conducted to investigate the 
extent, to which the various energy efficiency design 
strategies available, are implemented in existing office 
buildings. Though the study investigation was limited to a 
geographical location in Nigeria, the research contains 
useful resource materials for other researchers to benefit 
from on a global level. In general, the research can perform 
as a starting point for creating a new platform of research 
for future qualitative and quantitative investigations within 
the broad image of “energy efficiency in office buildings” 
worldwide. 
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